A total of 5348 isolates of Streptococcus pneumoniae was serotyped and screened for insusceptibility to tetracycline, penicillin, erythromycin and chloramphenicol. Of these, 4238 (79%) were isolated from patients who had pneumonia or meningitis or were bacteraemic. Altogether, 3948 (74%) of the isolates belonged to one or other of the serotypes 1, 3, 4, 6, 8, 9, 14, 19 or 23 with serotypes 6, 14, 18, 19 and 23 being frequent causes of invasive disease in young children. Many isolates of type 1 were isolated from pneumonia and few from meningitis. Some 768 (14%) isolates were insusceptible to one or more antibiotic and 591 of these belonged to serotypes 6, 9, 14, 19 or 23. Representatives of type 14 resistant to erythromycin were prominent from 1986 onwards. There was an increase in the number of multi-resistant pneumococci from 1985. Among these were isolates of type 23 insusceptible to penicillin, chloramphenicol and tetracycline and cultures of type 6 resistant additionally to erythromycin.
Introduction
Nearly all clinical isolates of Streptocococcus pneumoniae fall into one or other of 46 serogroups or serotypes based on the antigenicity of their capsular polysaccharides. Twenty-one of these, the serogroups, are each composed of a set of antigenically related strains and can be subdivided further giving a total of 90 type designations [ 11. An example of the precision of the method is the modulations within serogroup 15 of type 15B to 15C due to loss of an O-acetyl group [2] . For simplicity, serogroups such as group 23 which is composed of types 23F, 23A and 23B -will be referred to here as 'type 23' as well as those, such as 'type 3' which react with a single factor serum [l] .
Serotyping has provided a tool for studies of outbreaks, For instance, in the 1644 cases of pneumococcal pneumonia that occurred in an American Air Force Base over three successive winters, one-third were caused by pneumococcus type 2 [3] . Large outbreaks, comparable to that in the Air Force Base are not known to have occurred in Britain. On the other hand pneumococci comprise 11% of positive blood cultures and 18% of isolates from bacterial meningitis [41. The distribution of serotypes causing disease differs by time, place and age of patient. Type 2, for instance, was one of the predominant types causing disease in Denmark in the years 1939-1947 [5] . It was not found in that country between 1983 and 1988 [6] but it causes invasive infections in Afiica [7] . Type 5 is one of the less common serotypes in Europe and North America. For that reason it was not included in the 14-valent pneumococcal vaccine, but it is prevalent in West Africa [8] and was incorporated in the 23-valent vaccine. The apparently invasive type 46 occurs in South Africa [9] and Papua-New Guinea [lo], but is not isolated in Europe [5, 61 or Australia [ll] . Among children, serotypes 6, 14, 19 and 23 account for many infections. In Alabama, for instance, over a 15-year period they caused nearly two-thirds of the pneumococcal infections in infants and young children [ 
121.
Insuceptibility to one or more clinically useful antibiotics has been described in representatives of all common types [ [20] . In an earlier survey of pneumococci isolated in Britain from invasive disease, resistance to antibiotics was not a major problem [21] .
The results presented here are from routine surveillance based upon isolates referred from hospital and public health laboratories in England and Wales. The aims were to follow the distribution of types among isolates causing invasive disease, investigate possible outbreaks of infection and screen isolates for insusceptibility to antibiotics. There was thus a deliberate bias towards the study of isolates of clinical importance. Additional information on pneumococcal infection is available to the Public Health Laboratory Service from laboratory reports to the Communicable Disease Surveillance Centre and also from special surveys [ 221.
The period beginning in 1982 has been chosen for this report because, apart from special surveys, less information was available from earlier years and techniques were being modified. For example, when screening for insusceptibility to erythromycin was begun in 1979, disks with a content of 0.125 pg of this antibiotic were used. Later, a change was made to disks containing erythromycin 0.5 pg because of the small zone size obtained with susceptible strains with the disks of lower content.
Materials and methods

Isolates
Results from 5348 isolates were used (Table 1) . Records for which the referring laboratory had not given both the patient's name and the source of the culture were excluded. If more than one isolate of a single serotype was available from either one episode of infection or from what appeared to be hospital or family spread then an arbitrary choice was made of a single record. For example, an isolate from cerebrospinal fluid (CSF) would be chosen rather than one from blood culture on the same patient. Occasionally, isolates of different serotypes were isolated at different times from invasive disease affecting an individual patient and these were accepted as re-infections.
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there was no evidence of localisation. For arthritis or osteomyelitis, pneumococci were isolated from blood culture, joint fluid or bone tissue. Endocarditis strains were solely from blood cultures. Isolates from cellulitis -including orbital cellulitis and epiglottitis -and peritonitis were isolated from either blood culture or tissue fluid or both. The category neonatal sepsis was restricted to organisms isolated from the blood or CSF or neonates for whom a strain of the same serotype was isolated from the genital tract of the mother. Nearly all the isolates from eyes were from conjunctival or corneal swabs. The exceptions were two from endophthalmitis. Two cultures only were from middle ear fluid, all other in this category were from ear swabs.
Ident$cation
On reception isolates were cultured on horse blood agar incubated in air supplemented with CO;? (5% v/v 
Results and Discussion
Type distribution -general
The serotype distribution of the cultures is given in Table 2 ; 3693 (69%) fell into one or other of nine serotypes, each of which represented at least 5% of the strains studied. They were serotypes 1, 3, 4, 6, 8, 9, 14, 19 and 23. Another nine serotypes -7, 10, 11, 12, 15, 17, 18, 22 and 33 -each accounted for 1-5% of the total. This distribution of most frequent types did not differ greatly from those recorded in Denmark [6] or Australia [ 111, although types 7 and 12 were relatively more common in the former study and 7 and 18 in the latter. There were few isolates of 22 serotypes, including types 2 and 5 ( 
Age
Of the total of 5348 isolates, 4238 (79%) were from patients who had pneumonia, meningitis or were bacteraemic (Table 1) . Pneumococcal meningitis or bacteraemia tended to occur more often in younger persons than pneumococcal pneumonia. The ages of 2936 patients were available for the years 1986-1990. This was 83% of the total of 3536 patients for those years. Of these, 2257 belonged to one or other of (Table 3) .
For the strains of types 1, 3, 8, 14, 18 and 23 that are included in Table 3 the distribution by age of patient, in 10-year bands, is shown in Fig. 1 . The general increase, with age, of types 3 and 8, and the predominance of type 18 in children is evident. Something like a bimodal distribution occurred with types 14 and 23. Type 1 is illustrated because percentages were relatively evenly distributed by age. Of the total of 309 isolates of these six serotypes from children aged < 10 years of age, only 22 were isolated from those aged 6-9 years. Scott [32] has brought together the results of included in Fig. 1 were from patients aged 3 50 studies performed in different countries. He calculated years. the relative risk of invasive disease caused by type 1 and found that it declined throughout life.
Pneumonia
Most of his data on type 1 were from studies in Brazil. In one of these sets [33] only two isolates of Altogether, 1896 (35%) of the isolates were isolated type 1 were from patients aged 3 50 years. In from patients with pneumonia (Table 1 ). The districontrast, 86 (42%) of the 203 isolates of type 1 bution of serotypes may be different in patients with pneumococcal pneumonia but negative blood cultures. Of the isolates causing pneumonia types 1, 3 and 14 each contributed at least 10% of the total (Table 2) . Type 1 was unique because it had the largest proportion (208 of 348 isolates; 60%) from pneumonia and the smallest (only 13; 4%) from meningitis. This association of type 1 with pneumonia and infrequency in meningitis has been noted by others [6, 111. An outbreak of bacteraemic pneumonia caused by type 1 pneumococci occurred among Australian aborigines [34] . As in other outbreaks, carriage of type 1 strains was uncommon unless the subject had invasive disease or was in contact with cases of acute infection.
The susceptibility of AIDS patients to pneumococcal infection is indicated by the frequency of pneumococcal pneumonia in them, the many such infections that are bacteraemic and the number of recurrences of infection [35] . The first cultures handled, four in all, from patients recorded as being infected with HIV were referred in 1986. Since then, cultures from HIVinfected patients comprised one from an infant with fatal septicaemia and six isolates from five individuals with chest infections. All five cultures handled in 1986 and 1987 were susceptible to antibiotics. The isolate received in 1989 was resistant to tetracycline, but four of the five isolates received in 1990 were insusceptible to penicillin, tetracycline and either chloramphenicol or erythromycin.
Bacteraem in
The clinical states seen in pneumococcal bacteraemia range from a passing febrile illness in which recovery occurs without treatment [36] to an acute septicaemic illness. Of the 1329 cultures from bacteraemias there were 205 of type 14 (15% of the total), followed by types 3, 6, 9 and 19 -each about 9% of the total (Table 2) . Among individual serotypes, 80 (35%) of 231 of the cultures of type 18 were from bacteraemias; a smaller total but a larger proportion.
In adults, pneumococcal bacteraemia is often associated with a pre-disposing condition [37] , one of which is splenectomy [38] , and another is splenic dysfunction [39] . Twenty patients were known to have had previous splenectomy and of these nine presented with meningitis, eight with septicaemia, two with pneumonia and one with a post-surgical abscess. 
Vaccine
The current pneumococcal vaccine contains 23 capsular polysaccharides. A total of 5001 isolates, forming the body of Table 2 , belonged to 18 of the serotypes or serogroups numbered between 1 and 33. They represented 93.5% of the isolates studied and all are incorporated in this vaccine. Because of the lack of cross-protection within each of the serogroups 9 and 19, capsular polysaccharides from serotypes 9N, 9V, 19F and 19A are used in the vaccine. The remaining three components of the vaccine, serotypes 2, 5 and 20, are at present uncommon in this country. They are listed in a footnote to Table 2 and comprised 1.6% of the isolates studied.
In a randomised trial among young African gold-miners, immunisation with pneumococcal polysaccharide gave c. 80% protection against bacteraemic infection caused by a serotype present in the vaccine [42] . By studying the distribution of serotypes causing infection among immunised and non-immunised populations, indirect cohort analysis, similar levels of protection appear likely in elderly subjects who are immunocompetent [43] . In contrast, little or no protection could be detected in, for example, patients with sickle cell disease, leukaemia or multiple myeloma [43, 441 . Among children with sickle cell disease, penicillin prophylaxis has protected against pneumococcal septicaemia [39, 441.
An additional problem is the poor response of young children to some polysaccharides. To provide protection for them, conjugate immunogens of the serotypes 6B, 14, 19F and 23F have been suggested with the possible later addition of types 4, 9 and 18 [45] . These seven serotypes comprised 78% of isolates from invasive disease in young children (Table 3) .
Arthritis or osteomyelitis
Isolates were received from 44 cases of septic arthritis. The ages of 27 of these patients were available and eight were aged d 2 years: the next four were aged 10, 32, 45 and 51 years. Four of the 44 were infected at the same time at more than one site, two with polyarthritis. Previous meningitis was recorded for one patient. Before antibiotics were available infections involving more than one site were apparently common [46] . The 44 isolates from arthritis were distributed across 14 serotypes including: type 14 (eight isolates), types 4 and 22 (five isolates each) and types 1, 6 and 19 (four isolates each).
In one series of cases of pneumonoccal osteomyelitis [46] strains of serotype 19 were unusually common, comprising four of the 11 isolates. The same serotype, five of 10 referrals, was predominant among our isolates from this infection.
Abdominal infection
Pneumococcal peritonitis can follow conditions such as appendicitis [47] , liver failure or bacteraemia. Primary pneuomococcal peritonitis occurs, albeit infrequently, in young girls [48] . The infection has occurred in women fitted with intra-uterine contraceptive devices [49] and the infection has been produced experimentally by the introduction of the organism into the vagina of monkeys [50] .
Some 48 isolates were received from patients with abdominal infections and they belonged to one or other of 13 serotypes with 16 isolates in type 1, seven in type 3 and five in type 14. The referring laboratories described 10 of the isolates as coming from patients with primary peritonitis, all but one of whom were female. In contrast, the six isolates from appendicitis were distributed equally between types 6, 14 and 19 and only one patient was female.
Endocarditis
The recognised suppurative complications of bacteraemic pneumococcal pneumonia include meningitis, empyema, endocarditis and less often arthritis or peritonitis [51] , 24 isolates of 16 serotypes were received from patients with endocarditis, an unknown proportion of whom had had pneumonia. Types 14 (four isolates) and types 6 and 23 (three isolates each) were the most numerous.
Cellulitis
There were 49 isolates in the collection from patients with cellulitis and for 13 of these periorbital cellulitis was specified. Other conditions included epiglottitis, necrotising fasciitis, blistering cellulitis and cellulitis surrounding a burn. Altogether, 2 1 different serotypes were represented, including type 23 (eight isolates), type 14 (seven isolates) types 3 and 19 (five isolates each) and type 18 (four isolates). At least nine of the periorbital infections occurred in children and among the pneumococci recovered from this condition there were three isolates each of types 14 and 18, and two each of types 19 and 23.
Neonatal septicaemia
Pneumococci have been reported as causing 2-10% of cases of neonatal sepsis [52] . Isolates were received from 48 neonatal infections in which cultures of the same serotype were isolated from vaginal swabs of the mother and blood cultures or CSF of the baby. The isolates were distributed between 18 serotypes, with seven representatives in each of types 1 and 19, six of type 23, five of type 3, three each of types 6, 8, 18 and 27, two of type 4 and one each of types 5, 9, 11, 12, 14, 15, 20, 22 and 24.
The organism is isolated infrequently from vaginal swabs [53] : only 39 cultures in this study were exclusively from the site. Some of these cultures were presumably saprophytic, but most were associated with vaginitis, infection of Bartholin's glands or endometritis. The finding of neonatal septicaemia caused by an organism that is not often found in the vagina has been attributed to invasiveness.
Wound infections
Pneumococci are one of the less common causes of wound infection [ll] . Of the 24 isolates from wound pus, nine were from infected burns. The set was composed of 13 serotypes but 13 isolates belonged to one or other of the serotypes 3, 14, 19 or 23. G. COLMAN E T A L .
Conjunctivitis
There can be problems in the identification of some pneumococci, or pneumococcus-like streptococci, associated with conjunctivitis [54] . In a study covering selected years from 1935 to 1974, Finland and Barnes [55] found that one-quarter of the strains from eyes were untypable: their largest source of non-typable strains. Similarly in a study in this country [56] all strains from invasive disease could be serotyped, but 2% of strains from sputum or the nasopharynx and 12% of strains from eyes could not be serotyped.
Insusceptibility to antibiotics
There were 768 isolates insusceptible to one or other, or any combination, of the antibiotics pencillin, tetracycline, erythromycin or chloramphenicol (Table  1) with a general increase in prevalence through the study period. Altogether 591 (77%) of the 768 isolates belonged to one or other of five serotypes, namely 6, 9, 14, 19 or 23 (Table 2 ). This clustering was most noticeable in the years 1989 and 1990, when representatives of these serotypes made up 86% and 87%, respectively, of the insusceptible strains.
Of the 142 isolates from eyes (Table 1) 14 were untypable, usually because growth in broth was granular. In 1985 cultures were received from 24 adolescents affected in a school outbreak of conjunctivitis. Seventeen of these cultures could not be serotyped, five were of type 33 and two of type 34. One record from each category was used here.
Ear Swabs
Unlike isolates from the eyes, all 84 cultures from the ears could be serotyped. Of the 84 cultures, 16 were of type 3, 13 of type 6, 11 of type 14, 10 of type 19, nine of type 7 and five of type 23. The same six serotypes were dominant also in Orange and Gray's set of 228 strains from otitis media [12] . There were two important differences. First, the latter strains were all isolated from fluid collected after tympanocentesis, ours with two exceptions were from ear swabs, and second, type 3 was fifth in their rank order.
Included in this category were five isolates from infections of the mastoid. They comprised two strains of type 14 and one each of types 3, 9 and 22. When otitis media or mastoiditis led to meningitis the cultures were placed in that category.
In one study middle ear infections accounted for 1.5% of all visits to general practitioners [57] . S. pneumoniae and Haemophilus inJuenzae are the predominant primary pathogens in acute otitis media and aspects of such infection caused by pneumococci have been reviewed by others [45] .
Sputum or nasal swabs
Isolates from sputum or nasal swabs were the fourth largest category (Table 1) . That 336 of 581 such cultures (58%) were insusceptible to one or more antibiotics provides a clear indication of the reason for referral of these isolates. Many were representatives of types 6, 14 or 23 ( Table 2 ).
The most prevalent pneumococcal serotypes in the upper respiratory tract are not the same as those isolated from invasive disease [58] . The upper respiratory tract is a reservoir of antibiotic-resistant pneumococci [59] .
Optochin. Optochin has not been used clinically for many years, but the occurrence of resistance to this compound among pneumococci could lead to misidentification of clinical isolates. Mixed populations, susceptible and resistant to optochin, have been observed in fresh clinical isolates of types 3 and 6 [60] .
Resistance to optochin was detected in 23 isolates distributed among 15 serotypes. All exhibited the colony forms expected of pneumococci. If the organism was resistant to optochin alone it is not included among the resistant isolates in the tables. Sixteen isolates were obtained in pure culture from invasive disease; there were four representatives of type 6 and three of type 3. In 1985 two cultures of type 3 were collected from throat swabs taken in one incident -one was insusceptible to optochin and tetracycline, the other to tetracycline alone. Again, in 1990, of two isolates of type 9, this time from sputum samples from a single patient, one was insusceptible to penicillin and the other to optochin and penicillin.
Tetracycline, chloramphenicol. Insusceptibility to tetracycline was found alone or in combination in 444 (8% of all isolates) (Table 4) . Of these, 116 were insusceptible to tetracycline alone and they were distributed among 23 serotypes. Some 69 of these 116 (59%) were other than the serotypes 6, 9, 14, 19 or 23 and included the only resistant isolates of the serotypes 24, 25, 31 or 42. The serotypes 1 and 3 accounted for 16 and 11 isolates, respectively.
Insusceptibility to chloramphenicol alone was detected in six isolates and combined with tetracycline in a further 25 isolates. Although isolates of type 5 were uncommon, this serotype contained the highest proportion of isolates insusceptible to antibiotics: 17 of 39 isolates (Table 2) . Of these 17, all of which were isolated from invasive disease, eight were insusceptible to tetracycline alone, three to chloramphenicol and six to both chloramphenicol and tetracycline.
Spread of tetracycline-resistant pneumococci in a British hospital was seen first in Liverpool in 1963 [61] and by 1968 almost one-quarter of the pneumococci isolated in the Liverpool Royal Infirmary were resistant to the drug [62] . In 1975 the proportion of tetracyline-resistant pneumococci ranged from 3% to 37% depending on the hospital [63] , but then fell [64] .
Erythromycin. Erythromycin is often used by family doctors for the empirical treatment of communityacquired pneumonia because it is active against mycoplasmas as well as pneumococci. Cross-resistance to lincomycin was found in the first isolates of erythromycin-resistant pneumococci [ 1 81.
From 1986, there was a striking increase in the number of referred pneumococci that were resistant to erythromycin. Of the total of 179 such isolates, 145 were of serotype 14 (Table 4 ). In the nine years 1982 -1990, the sequence of erythromycin-resistant isolates of type 14 was: 1, 0, 1, 0, 8, 16, 31, 37 and 51. One erythromycin-resistant isolate of type 1 was isolated from pleural fluid 10 days after a susceptible isolates, also of type 1, had been found in blood cultures of that patient.
Elsewhere different patterns prevailed. In Belgium, for example, erythromycin-resistant isolates of type 6 were prevalent and most of these were resistant also to tetracycline [65] . There is some evidence of a linkage of genes for resistance to erythromycin and tetracycline, because co-transfer occurs in transformation tests [66] . Among our isolates of type 6, 10 were resistant to erythromycin alone and eight to both drugs (Table 4) .
Penicillin. Usually when a zone size of < 15 mm was found around an oxacillin disk (1 pg) then the zone size about the benzylpenicillin disk (0.6 pg) was < 25 mm.
However, there were exceptions. In 1982, for example, an isolate of type 6 from sputum exhibited zones of inhibition of 9 mm to oxacillin and 29 mm to penicillin. In restrospect these cultures may have been comparable to the recently described intermediately oxacillin-resistant pneumococci [68] . During the period of this study there was an increase in the number of antibiotic-resistant pneumococci and this worrying trend continues [22] . The association of types 9 and 19 with insusceptibility to penicillin, type 14 with erythromycin resistance and types 6 and 23 with multi-resistance suggests the possibility of nationwide spread of a few resistant strains. It may be significant that representatives of these serotypes often caused invasive disease in children. Apart from the need to continue surveillance by reference laboratories there is a need for more general research. Possible areas include continuation of studies on microbial pathogenicity [7 11; development of new vaccines, including conjugated preparations; the definition of groups that would, or would not, benefit from immunisation and the development of additional methods for the diagnostic laboratory, such as an enzyme test to replace the bile solubility test.
